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RESULTSOFHEATTRANSFERTESTS
ONTHESPACESHUTTLEINTEGRATED

VEHICLE,UNDERASCENTCONDITIONS,
USINGTHEO.0175-$CALE60-OTS

MODELIN THENASA/ARC
3.5-FOOT HWT (IH-90)

by

J. R. Nakamoto

Rockwell International

Space Transportation & Systems Group

ABSTRACT

Test IH-90 was conducted in the NASA/Ames 3.5-foot HWT to obtain convective

heat-transfer rate distributions on the Space Shuttle Integrated Vehicle

during simulated flrst-stage conditions for intermediate flight attitudes.

The test model was a protuberance updated version of the 0.0175-scale

model (60-OTS) of the Rockwell International Vehicle 5 configuration.

The tests were conducted at Mach 5.2 for a Reynolds number of 5.0 x 106

per foot. The model was tested for an angle of attack range from -5 to

+5 degrees, with the sideslip angles varying from -9 to +9 degrees.
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INTRODUCTION

Ascent heat transfer test IH-90 obtained updated supersonic heat-transfer

rate distributions on the Rockwell International Space Shuttle Vehicle

Configuration VC72-000002F, during simulated flrst-stage conditions for

intermediate flight attitudes.

The test article was a 0.Ol75-scale thln-skln thermocouple model of the

Space Shuttle Integrated Vehicle, designated the 60-OTS model. This

configuration included the ET Spike Nose and updated protuberances on

the SRB and ET.

This model was tested in the 3.5 foot Hypersonic Wind Tunnel at the NASA

Ames Research Center, from January 27, 1978 through February 21, 1978,

completing a total of 116 hours in the test facility.

Data were obtained under simulated ascent flight conditions: nominal

Mach of 5.2 for a Reynolds number of 5.0 x 106 per foot. For an angle

of attack range of -5 to +5 degrees with the sideslip angles varying from

-9 to +9 degrees.

This report presents information on the conduct of the test, details of

the model, test facility and instrumentation.

Plotted data figures depicting longitudinal heating distributions for the

ET are displayed in Volume I and hl/h u vs 8 plots are presented in Volume

II for both the ET and SRB. Data tabulations are presented in the

Appendix of Volume II.



SYMBOL

b

C

Co, C1, C 2

c
P

CHAN

H
aw

Ht

N,i

h

h s

h/hs(X.XXX >

L

M_

P,

Pt

qs

MNEMONIC

ALPHA

BETA

CP_AN

HAW

HT

HW

HS

H/PnREF

(R=x.xxx)

LENGTH

MACH

PINF

PT

QDOT

QREF

NOMENCLATURE

DEFINITION

model angle of attack, degrees

model angle of sideslip, degrees

thickness of model skin

specific heat of model skin material

constants in curve fit for C over model

wall temperature range

specific heat of air stream (perfect

gas value)

recording-system channel

adiabatic wall enthalpy

freestream total enthalpy

enthalpy based on model wall temperature

for given T/C location at initial time

heat-transfer coefficient at model wall

for given T/C location

stagnation-point heat-transfer coefficient

for reference sphere

ratio of model heat-transfer coefficient to

heat-transfer coefficient of reference sphere

for Haw/H t = X.XXX (I.0, 0.9, 0.85)

model reference length

freestreamMach number

freestream static pressure

freestream total pressure

heat-transfer rate at model wall for given
T/C location at initial time.

stagnation-point heat-transfer rate for

reference sphere at initial time



NOMENCLATURE(Continued)

SYMBOL

Rs

Re /ft,Re

Re_
,L

St(X.XXE)

T

Too

Tt

Twi

T/C

t

ti

U

_o

W

x/_

X o

Yo

MNEMONIC

RS

RN/FT, RE

REL

STN NO

TINF

TT

TW

T/C NO

TIME

VINF

X/L

XO

YO

DEFINITION

reference sphere radius at model scale

equivalent to 0.305 m (I ft) for full-

scale vehicle

freestream Reynolds number per foot

freestream Reynolds number based on

model reference length, L

Stanton number based on freestream flow

conditions and the model heat-transfer

coefficient for Haw/H t = X.XXX (i.0,
O.9, 0.85)

temperature

_freestream static temperature

freestream total temperature

model wall temperature for given T/C

location at initial time

thermocouple

time

initial time (before model insertion

into flow) extrapolated from f(Tw)
vs. time

velocity

freestreamvelocity

density of model sklnmaterlal

longitudinal location on model as a fraction

of model length

longitudinal location of thermocouple on the

OMS pod referenced to the orbiter

lateral location of ther_ocouple or the OMS

pod referenced to the orbiter.



SYMBOL MNEMONIC

NOMENCLATURE(Concluded)

DEFINITION

_D

8D

PHI

PHI-D

PSI-D

THETAD

RHO

model roll angle

Orbiter radial location of thermocouple mea-
sured clockwise from top centerline looking
forward

right hand SRBradial.location of thermo-
couple measuredclockwise from top eenterline
looking forward

External tank radial location of thermocouple
measuredclockwise from top centerline look-
ing forward

viscosity of air

density of air

Subscripts

aw

i

PG

s

t

w

i

2

Definition

adiabatic wall

initial value before model insertion into tunnel

flow

perfect gas (calorically and thermally perfect gas)

reference sphere

freestream total condition

wall

freestream

conditions upstream of shock

conditions downstream of shock
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CONFIGURATIONS INVESTIGATED

The 60-OTS model is a 0.0175-scale thln-skln thermocouple model of the

Rockwell International Vehicle 5 configuration (VC72-000002F). A sketch

of the Space Shuttle Integrated model is shown in Figure i. The model

was constructed of 17-4 PH stainless steel with a nominal skin thickness

of 0.030 inch at the instrumented areas. All thermocouples were spot-

welded to the thin-skin inner surface.

Data were obtained for the orbiter, external tank, and the right-hand SRB.

Two model configurations were to be investigated during this test. The

fully integrated model with the orbiter, external tank and both right and

left SRB was designated the OTS configuration. The "T" configuration

consisted of only the clean (no protuberances) external tank. Due to

continuing problems in the facility isolation valves for the 3.5-foot

HWT, the "T" configuration was later cancelled for this test.

The spike nose tip (10-degree sharp cone) was installed on the external

tank, Figure 2. The external tank reference length of 32.295 inches in

model scale is based on the tank length with the nipple nose attached.

This reference length was retained for consistent values of X/L.

The inboard elevons on the orbiter were deflected down i0 degrees through-

out the test. Outboard elevons, orbiter speed brakes, and the body flap

were set at zero deflection.

8



CONFIGURATIONSINVESTIGATED(Concluded)

Boundary layer trips were used on the orbiter and on each SRBto generate

a turbulent boundary layer. The trips consisted of 0.020-inch-diameter

balls spacedon 0.060-inch centers around a form fitted steel strip.

The trips were located at an E/L of 0.04 on the orbiter nose and 0.19

on the nose of each SRB. Thenose shapeon the external tank effectively

tripped the boundary layer.

Nomenclatureused to describe model 60-OTScomponentsof the Vehicle 5

configuration are as follows:

Component Definition

B62 fuselage

C12 canopy

E52 elevon

FI0 body flap

MI6 0MS pods

RIB rudder

V 8 vertical tail

WII 6 wing

T38 external tank (spike nose)

S26 booster solid rocket motor

Dimensional data for each model component are presented in Table IV.

Model configuration drawings can be found in Reference i.

9



INSTRUMENTATION

The 60-OTS model is instrumented with 1,375 thirty gauge iron-constantan

thermocouples: 296 of them were monitored for this test. The estimated

uncertainty of these thermocouples is ±0.5 percent. The thermocouples

were located on the forward fuselage of the Orbiter and around the pro-

tuberances on both the External Tank and Right-hand SRB.

Thermocouple locations and measured skin thicknesses for the Orbiter, ET,

and right SRB are given in Table V. Thermocouple locations are shown

in Figures 3a-e.

During each tunnel injection, data from 75 thermocouples were recorded.

Four sets of thermocouples were required to accommodate the large number

of thermocouples on this test. These sets are called Constant Sets in

the run schedule. A list of the four Constant Sets is given in Table VI.

This list includes all of the thermocouples that were installed for this

test. Several of the listed thermocouples were determined to be inoperative

and these data have been omitted from the tabulations.

L
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TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circult blowdown-

type tunnel capable of operating at nominal Mach numbers of 5, 7, and i0

at pressures to 1800 psia and temperatures to 3400°R for run times to

four minutes. The major components of the facility include a gas storage

system where the test gas is stored at 3000 psi, a storage heater filled

with alumlnum-oxide pebbles capable of heating the test gas to 3400°R,

axlsymmetric contoured nozzles with exit diameters of 42 inches for gene-

rating the desired Math number, and a 900,000 ft 3 vacuum storage system

which operates to pressures of 0.3 psla. The test section itself is

an open-Jet type enclosed within a chamber approximately 12-feet in diameter

and 40-feet in length, arranged transversally to the flow direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. This rotation point

is adjustable from 1 to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerllne 37 inches from tunnel

centerline) until the tunnel test conditions are established after which

it is inserted. Insertion time is adjustable to as little as 1/2 second

and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquisition system is used to record

test data on magnetic tape. The present system is equipped to measure

and record the outputs from 80 transducers in addition to 20 channels of

tunnel parameters.



TEST PROCEDURES

The 60-OTS model was sting mounted through the orbiter base. The external

tank and SRB's were suspended beneath the orbiter by an adapter which

attached to the back of the orbiter's sting.

All instrumentation leads passed through the model stings and were routed

externally along the main sting for approximately 3 feet to allow for

model roll.

The model instrumentation was connected to the Beckman 210 data system.

The Beckman 210 is a high speed i00 channel data system. Of these i00

channels, 75 channels were used to record thermocouple data, the remaining

channels were used to record tunnel parameters (total pressure, tempera-

ture, etc.). To obtain data for all 296 thermocouples monitored for this

test, 4 tunnel runs were necessary to complete a set of test conditions.

Before each run the model was cooled uniformly to approximately 70°F.

The model was then inserted into the test section and data were collected.

Total time on centerline for the model was approximately 4 seconds.

12



DATAREDUCTION*

Equations and Constants

All test data were reduced at the NASA Ames Research Center using

the data-reduction techniques outlined below. The thermocouple data were

reduced using the one-dimensional, thin-wall equation:

dT H H
W aw w

= WCb d--f-= h (saw-H w) - hHt (St St)

which neglects heat-conduction losses.

CI)

Assuming that W and h are constant and

C = Co+CITw+C2Tw 2 for Tw ranges

the integration of equation (1) for t = t. to t and T
the linear equation: I w

= T to T yields
w. w
1

f(T_= -_n |T' -T |-|_T-- + _ £ (Tw Tw-)

WilL aw 2 1
hc

--P- (t= .We' b " ti)
aw

(2)

C_)

where it is defined that:

H H H

T' 5 aw _ aw t

aw Cp - H t Cp >(Taw) PG (41

C.i --C + C 1 T' + C 2 T' z (5)•aw 0 aw

# specific heat at adiabatic wall temperature "

The form of Eq. (3) is f(T.) = mt + a where m is the slope and a is the inter-
. W. •

cept for a straight llne if heat-conductlon etmors are negligible. Thus,

deviations from a straight line can indicate heat-conduction effects.

*Data reduction section provided by William K. Lockman

NASA Ames Research Center,

13



DATAREDUCTION(Continued)

The slope, m, of fCTw) vs t from Eq..C3) is computed by a least-
squares, straight-line fit over a finite time interval (approximately one
second) beginning when the model reaches uniform tunnel flow. The value of

the heat-transfer coefficient, h, is then determined from:

WC' b

h= aw m
C
P

(6)

Using this value of h, the heat-transfer rate is evaluated at the initial

time, ti, when the model is isothermal at the initial wall enthalpy, H
W.
I

H H .

= _ _ hHt ( aw _ wl}
_ m qi h (Haw Hwi) -_t

C_)

where Haw/H t is the same value used to evalaute h. The resultant value of

is independent of the value of Haw/H t used for both the h and _ evaluations.

The reference sphere.heating is also evaluated at the initial wail

enthalpy by the method of Fay and Ridder (Ref. 4):

H
W.

qs " hs (Ht - Hw.) _ hs Ht (1.0 - --_)
i st (8)

The model-to-sphere ratio of heat-transfer coefficients is then

determined from Eqs. (7) and (8) as

I H /H t

h _i 1.0 w.

hs q_ Haw/Ht _ Hw./Ht (9)
1

where qi is constant for all values of Haw/H t. To determine h/h s for various

values of Haw/Ht, the particular value of Haw/H t is substituted into Eq. (9).

The Stanton number is defined as

h 4i
St E --=

pu pu(Haw . Hw.) (I0)
I

where for freestream conditions, Du = Ow Vm.

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 (Ref. 2) for

calorically imperfect, thermally perfect air. Keyes' equation for viscosity

14



DATA REDUCTION (Concluded)

(see Ref. 5) was also used for the sphere heating and Reynolds number
computati ons:

0.0232 x 10 -6 T0"S

22O 10-9/T
l+TX

where the units for T and _ are "R and Ib-sec/ft, _ respectively.

(11)

Haterial Properties

The instrumented areas of the model were constructed of 17-4 PH

stainless steel. The material thermal properties necessary for thin wall T/C
data reduction are listed below.

Material density:

Material specific heat:

W = 490 ib/ft m

BTU
c = 0.0797 + 5.556 x I0 "s T

15



DATA PRESENTATION

As explained in the Configurations Investigated section, IH90 had no data

for the "clean", tank alone configuration. Thus the hi/h u data was gene,

rated using h i test data and h u theory data (Reference 5). For _, B

combinations tested but unavailable from Reference 5, theory data generated

for IH68 was utilized. Theory data for the ogive portion of the ET was

multiplied by .87 before computing hi/h u theory ratios. The theory was

used as generated for the barrel portion of the ET. Plotted data figures

of these ratios are displayed in Volume I for the ET as longitudinal dis-

tributions. The hi/h u versus 8 plots are presented in Volume II for both

the ET and SRB. All plotted data are based on a recovery factor of 0.9.

Only the right hand SRB was instrumented for this test. In order to

provide left hand SRB data displays consistent with previous analyses,

Chrysler DMS special request 8E-2 was effected (Reference 6). This

analysis provided aeroheating data from the right hand SRB displayed as

equivalent left hand SRB data. Plotted data/tabulatlons may be obtained

from DMS on request.

16
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II

DATE : 2/21/78
I

TEST : IH90
TABLE I

TEST CONDITIONS

MACH NUMBER

5.2

REYNOLDS NUMBER

(per unit length)

5.0 x 10 6

DYNAMIC PRESSURE

(pourKIs/sq. inch)

40.8

_TAGNATION TEMPERATURE

(degrees Fahrenheit)

840

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

None

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

18
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TABLE IV, MODEL_G_ALZ_TA

MODEL COKP011ERTs

GNERAL DESCKI:PTI(N:

S:l_lar to I_A/B fu_ela6e exoept aft bo_r rev'Ased and

_dbody-_ng-boot fairing, Xo = 9_0 to I_ = 10_.

so r -

Co_tton I_C orbiter fuJel_e, N_ L_X)-R_.

MODEL SCALE: 0.0175

DRAWI'_ _M_Rz TL70-O001_0C,

DIM]_SI(_S:

_'LT0-0OO'_X)B,

Length (IML= F_D S%a Xo = 238), In.

Length (CML: leWD St_ X o - Z3_), XR.

m=. W_dth (AtZo - zSSS.3),X,.

m=. Depth (AtXo - i_6_),X,.

Fineness l_tlo

Area, Ft 2

-O00_OeC,
-000_3

m9o.3 _.58

1293 •3 22.63

26&.0 4.62

25O.0 &.38

_.899 _.899

340.885 . o.lo_Max. Cross-Seettomsl
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TABLE IV . _ ]]Q_4_'_(I_LL_ (Continued)

MODEL COMPONENTz CANOPT - C12

0ENK_qL DESC__ Confls_ration I_OC orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-R_. Used with fuelage B62.

Mcmm_ so_zz o.o175

DK_W_ _: W_?O-0OOI_, -0OO'_Z_, -000_O_

_I(XS •

Length (Xo = _3_.6A3 %o 578), Xn.

M_x. Wld_h (At Xo - 513._7), X,.

Max. Depth (Zo - 501 to _9.39), In.

1_3.357

51.61

MGDEL SCALE

2.508

2.667

0.903
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TABLE IV . MODEL D_4ERBIONAL DATA (Continued)

MODEL CC_ONE:_2: ELE_ON - E52

G_;ERAL D'.=SCKEPTION: Elevon for cm_f_guration l_OC, Nimgel_ne at

Xo - 1387, elevon spl/t Line Y.w " 312.5, 6.0", beveled e_es, and
centerbodles.

MODEL SCALE: O. 0175

DRAWING _V_: VLTO_OOI_OC, -006O89, -0060_

D_I ONS:

Area, ._t2

S:mm (equlvalent), In.

Inb'd equivalent chord, In.

Outb'd equ/valent cl%ord, In.

Ratio zcvab!e surface chord/

_otal surface chord

At Inb'd equiv, chord

At Outb 'd equlv, chord

Sweep Back Angles, degrees

Leading _xige

Trailing Edge

Hir_ellne

Area :4omen_ (Product of area & @-), I_ 3

Mean Aerodynamic Chord, In.

Himgellne dihedral (origin at

Z o - 261.3509), deg.

FULL SCALE MODEL SCALE

210.0 0.064

3_9.2 6.111

118.o 2.O65

55.Z9 0.966

0.2o96 0.2096

o._o& o._oo_

0.0 0.0

- io.o_6 - IO.o56

0.0 0.0

Z587.25 0.008

90.7 1.587

5.2e9 5._9
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TABLE IV . MODEL DIMERSIONAL DATA (Continued)

MODEL CGMPONENT: BODT FI_tP - FI0

GENERAL DESCRIPTION: CmU_&_u-at1@m I_OC _ flap.

st Xo = 1532, Zo - 287.

Hingel.tne located

MODEL SCALE: 0.0175

DRAWING NUMBER: VLyo-00OIhOC, -35511&

DIMENS I0NS:

u, ag_ (x o - 15e5.5 to xo - _13), In.

Mix. wla_ (At L._.,Xo - 15_.5), Z-.

,u. D,p_ (xo -1532), za.

Area - l_c.2

Max. em:,aa-Se:tioaa/. (AtS.L.)

Planfoz_

me (Xo - 1613)

FULL SCALE

87.5o

_56.oo

19.798

35.196

_5.oo

&.89

MODEL SCALE

1.531

_._8o

0.011

0.0_I

O.OOZ5

29



TABLE IV o MODEL _ICNAL DATA {C_tinued)

XODV__,CCMPClIEIIT:

O]DI'_ ]_KIP'Z2CM: __t_ I_X_ orbiter alB Pod - 8hot't, _t.

SCalz: o.ol'T5

Dl_m N_ZI_ YL70-008_I, -008_i0

DIMEIISICSS:

Length (a_ _ _ x o . 131o.5), In.

x=. mdm (At Xo - 15n), In.

Max. Depth (At lo = 1511), In.

Fineness Ratio

Area - Ft 2

Max. Croas-Seet_ona_

NJLL SCAIZ _ SCKI_

_8.5o 4.52h

;36.8 2.39_

T_.7o z.3o7

2.484 2.48_

58.8_ O.OZ8
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TABLE IV . MODEL D_4E_SIONAL _TA (Continued)

MCDEL CGMPO_'E_Y: mm_m - al8

G_RAL DESCRIPTION: _e rudder is a sec_ movable airfoil at the

trailimg edge of the vertical fin that iml_rta yaw forces. _II

dimemsi_l data was ea_LIA_ from the QI_ rater _laemsiomm.

MODEL SCALE:

DRAW___NG Nb_4HER:

DIM_NSI ONS :

Area, _2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio novzb!e surface chord/

total surface chord

A_ Inb'd equiv, chord

At Outb 'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Y/ge

Hingeline

o.o175

Vehicle 5 Cenf_ur_ti_ N_ 200, kv. 7

FULL SCALE MODEL SCALE

97.8_ 0.030

198.6z_ 3._76

9z.oi' 1.699

5o.8o 0.889

Area Moment (Product of Area & e--),_3

Mean Aerodynamic Chord, In.

o._oo o._oo

o._oo o._oo

34.833 3_.833

_.2_9 _.2_9

3_.B33 3_.833

593.889 0.032

7Z.8_0 z.s75
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TABLE XV. M_ DDIZ_'I_ _ (Continued)

MCDEL CO_=O_GT_: _]_22C£L _IL - v 8

GBG_K_L DESCKS_TICN: C_%u_tiem I_0C _ter _rtleal tail

(Xdentteal %o coition 1_ lm_ttoe£ 1aii)o

MCEZL 8C4L1_: o.O.l.TP

D_AWZX) _: YLTO-O001_OC, -0001461

DD(m_ICBS:
TOTAL Z_A

Area (_eo.), ft2

Planfor=

Span (_eo.), in.

mn_ sc_= MC[EI, SCALE

Aspect Batio 1.675 1.675

Rate of Taper 0._O7 Oe_C_

•Taper Batio 0.40& 0.40&

8veep Be._k A_les, _e&zee8
_n_ _e kS.000

_._

4Z.13

kS.ooo

26.2:;
kl._3

Chord_ •

Root (_eo.) w_

MAC

Fus. S%a. of .25 MAC

W.P. of .25 MAC

B.L.o: .Z_eac

_68,5o
Z08,&T

Z99,8].
1463.35

0,0

4.699
Z.898

3._/T
_.6o_
11.122
0.0

Airfoil Seeticm

Lead_ Wedge _n_le, deS.
Trai_a_ Wedge _le, deS.
Le_d_z_ _d_e l_d_us

].0.00
1&.92

2.00

10.00

2.00

Void Area 13.17 0.00_0

Blanketed Area 0.0 0,0 ,
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TABLE IV . NO]E5 DIMENSIONAL I_TA (Continued)
MODEL COMT0_: _ - W116
GENERAL DESCRIPTION: _tion 5. NO_Et ldentieaX %o Wll _ except
_rfoil thicWness. Diheaz_ _le i= alm_ t_li_ edge of vi_.
@eaaetrlc twist = O.

MODEL SCALE: 0.0175 _RAWIIG NO. : TLTO-OOOX_OA, -000_)0
DIMENSIONS: FULL SCALE MD_EL SCALE

TOTAL DATA

Planform 2690.0 0.82h

(Theo.), in. 936.68 16.392

Aspect Ratio 2._65 2.265

Rate of Taper l.iT7 1.177

Taper Ratio 0.200 0.200
Dihedral Angle, de_-Tees 3.500 3•500

Incidence Angle, degrees 0.500 0.500

Aerodynamic Twist, de,Tees

Sweep Back Angles, degrees
Leadins Edge 45.000 hS.000
Trailing Edge - 10.056 - 10.056

0.25 Element Line 35.209 35._)9
Chords:

Root (Theo. ! B.P.O.O. 689.2_ 12.062
Tip, _Theo.) B.P. 137.85 2._12
MAC _7_.81 8.309
PUs. St. of .25 MAC n36.83 19.895
W.P. of .25 MAC _0.58 5.085
B.L. of .25 MAC _.13 3.187

EXPOSED DATA

Area"('Irneo'.), ft2

San, (Theo.), in. BPX08

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip i.O0 b/2
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
Airfoil Section (Rockwell Mod NASA) XXXX-6h

Root b/2 =

_ b/2=

Leading Edze Cuff_

Planform Area, ft_

Leading Edge Intersects Pus MeL. @ Sta

Leadi___ Edge Intersects Wine @ Sta

175z.50 o.536
720.68 I_.612
Z.o59 2.o59
o.z_5 o.z_5

562.09 9.837

137.85 2._12
392,83 6.875

1185.98 _o.755
_9_.3o 5.15o
251.77 &._o6

o.n3 o.1.13
0.120 0.120

1.13.18 o.035
500.00 8.T_o

zo_.oo 17._zo
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___ TABLE IV. MODEL DIMD_SlGEAL _TA (Continued)

MODEL Ca_PCBENT: EXTEREAL TAR[ - T38

O_r_V.L DESC_PTI(_: Spike uome oo_r_tlo..

N0_EL SCALE _

DRAWII_ F_ERI

DDCE:L_ZGm .*

Lmr_

Max. _d_

MaX, Depth

FZnenen _t:Lo

o.o175

_'T2-O0000_
_'T8-OOOOO_

Max. _ss-Sectto=_l

__)
JULL 8CkT.,_

_850.525

331.00

5.687

59_.678

MODEL SCALE

32.38_

5.T9_

5.687

0.1821
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TABLE IV , MODEL D_M_SX(]IAL DA_% (Comeluded)

MODEL CCMPOWERT" BO(B_ S(EXD _ ROT(2 - 8_6

GERERAL DESCKD'T_CU: I%e _S_ Is sa _ l_O_=_iem jystem _aleh

is Jettisoned and recoverable after buzmout. _Bae BBM's e&n be

refurbished and reused after recovery.

MODEL SCALE: o.o175

s_ I_ - _TT-ooooo'a), _'77-ooooo3F
Shuttle Conflg. - I_-0000_

SCALE MODEL SCALE

DRAWI_ NJM_ER:

DD_RSIOIS:

Length

Max. Width tank Dia., In.

Max. Depth, aft shroud dla., In.

Fineness Ratio

W.P. of BSRM centerline

F.S. of BSRM nose

B.P. of BSBM c--terline

1789.6o

1_6.00

L_08.20

8.596

J_O.O

7_3-o

_0.5

31.318

2.555

3.6a+3

8.5 
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TABLE Vl. Thermocouple Plug No. Constant Set

Constant Set Number

i00

200

300

400

Thermocouple Plug Numbers

29S, 30S, 31S, 32S, 33S

i0, 4T, 6T, 9T, 1ST

20T, 21T, 22T, 25T, 26T

31T, 34T, 35T, 36T, 37T
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Data Figures

Tabulations of these plotted data figures may be obtained from DMS on request.
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Appendix

Tabulated Source Data

Data Set

4th Character

A

B

C

D

Description

Orbiter Fuselage

OMS Pod

ET Surface

Right Hand SRB

Page No.

I- 16

17- 32

33-].17

118-183
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